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DISCUSSION 


ASCE.—The design procedure proposed Messrs. 
Chang and Johnston has for the first time made available reliable practical 
approach the determination the torsional properties built-up sections. 
Using the authors’ procedure and the same machine, the torsional properties 
two built-up riveted column sections were investigated. The results this 
investigation are included this paper. 


1'3" 


Rivets are Diameter 
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(a) COLUMN (6) COLUMN 


Fig. 24.—Cross Secrions or Test Specimens 


Fig. shows cross sections the columns. One section was built 
entirely plates and angles, and will designated here Column Specimen 
The other section was composed wide-flange beam with channels 
covering the flanges, and will referred Column Specimen 

The investigation included the calculation the stiffness, critical stresses, 
and strength each the built-up sections following the procedure suggested 
Messrs. Chang and Johnston, and the testing the columns determine 


Separate No. 125. numbering footnotes, illustrations, tables, and equations this Separate 
continuation the consecutive numbering used the original paper. 
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how closely the experimental data would approximate the predicted results. 
determining the theoretical properties the columns, the assumptions were 
made—as implied Mr. Vries‘—(a) that the cross-sectional area between 
the inside rivets the flange and between the rivets the web and the flange 
forms integral section (shown shaded Fig. 24), and (b) that other com- 
ponents the section act separate pieces. The columns were subjected 
approximately uniform torsion; and measurements were made the angle 
twist, the strain critical points, the slippage between the plates and ad- 
jacent members, and the applied moment. Fig. shows that each the 


Fra. 


built-up sections tested had two different rivet pitches. Because each rivet 
pitch was greater than the critical value, determined from the authors’ 
method, was necessary calculate and check the torque twist properties 
for each pitch. 

Fig. shows the arrangement the instruments used the tests. Level 
bars were attached the column flanges and were used measuring twist. 
Because the short length the specimens, was necessary place few 
the level bars within the zone transition between the two rivet spacings and 
within the zone end restraint. Level bars in. long (shown Fig. 26) 


4“Strength of Beams as Determined by Lateral Buckling,”’ by Karl de Vries, Transactions, ASCE, 
Vol. 112, 1947, p. 1245. 
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were used the elastic range, and 3-in. bars were used the post-elastic range. 
The locations the level bars are shown Fig. 25. level bar was placed 
each change the rivet spacing attempt determine the transitional 
effect from one section the next. one case, pair check-level bars was 
placed the web. However, these extra bars were found unnecessary. 

The measurement stress distribution SR-4 strain gages (located 
shown Fig. 25) was made only one cross section each beam. Measure- 
ments plate slippage were made with Whittemore gage the one section 
indicated Fig. 25. The shearing stress distribution the elastic range was 
primary interest this investigation. Therefore, all the gages were applied 
45° the longitudinal axis the beam. Some longitudinal gages remaining 
from the previous column tests these specimens were still sufficiently good 
condition provide qualitative information. strain-coat whitewash was 
applied prior the testing, for the purpose determining the location and 
direction strain lines, and the load which they would occur. 

The first step the procedure the tests was apply third the cal- 
culated moment initial yield and then release this load. The column was 
then reloaded with approximately two thirds this moment and again re- 
leased. Finally, the loading was continued past the value the moment 
causing initial yield into the plastic range. 

Calculation Torsional procedure followed determining 
the torsional properties was essentially that used the authors. Col. 
Table shows that the rivet pitches these sections were found critical 
all cases; hence, were required. Although the corrections for 
hump effect and end resistant were included the evaluation the stiffnesses 
the columns, agreed that these terms are most cases negligible, and 
fact will partly cancel each other. The stiffness values determined Table 
come from the expression, 


which the stiffness torsion constant, the developed length (see 
Fig. 7), the thickness each component the section, 0.105 for each 
free end, and the diameter the largest circle that can inscribed 
connection two rectangles. The value given the expression, 


0.094 0.07 which the radius the fillet and the thickness 


the For column Specimen may computed the expres- 

Values constants for the computations Tables and may found 
use Figs. and 24. Col. Table indicates the proper choice 
Eqs. The values Col. Table are determined from Col. Table 
and the stiffness the part the cross section outside the integral area. 

obtain the allowable flange and web-shear stresses, determined from 
Eqs. and for allowed shear stress kips per in. and 
9.02 kips per in. Thus (flange) equals 4.01 in. and (web) equals 


Beams Inge Lyse and Johnston, ASCE, Vol. 101, 
1936, p. 862. 
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1.605 in. for Column Specimen For Column Specimen 2.51 in. 
Because the web pitch Column Specimen deviates further from optimum 
requirements than does the flange pitch, used finding the web shear 
which turn determines the allowable torsional moment, 


(6) (7) 


(4) 


(3) 


4.00 (Flange) 2.00 2.00 >0. 1.108 0.23 

4.00 (Web) 1.56 1.530 0.173 0.86 1.170 
4.25 (Flange) 2.00 2.25 >0.4b 1.108 0.238 0.568 0.738 
4.25 (Web) 244<p 1.81 1.530 0.173 0.764 1.071 


1.790 


5.60 
1.790 


5.60 


1.41 <0.4b 
1.91 


Shaded area Fig. Value assumed the same for the flange. 


the part Specimen having 4-in. pitch, 4.81 kips 


per in., and Eq. yields 21.50 kip-in. the part 


having 4.25-in. pitch, Tmax 4.53 kips per in. and 20.25 kip-in. 


6.—CoMPUTATION FOR THE AREA OUTSIDE 


THE INTEGRAL SECTION 


TABLE 


(6) 


(1) 
Column Specimen A: 

Flange angles 0.15 
Web and cover plates 0.12% 


Total 2.638 
Column Specimen 0.124 1.39 9.44 5.60 3.84 


using Eq. Hump and end effects for the channel are negligible. 


the part Specimen having 4-in. pitch, 7.53 kips per in. 
and Eq. yields 58.30 kip-in. the part having 4.50-in. pitch, 
6.69 kips per in. and 50.79 kip-in. 

Test shows Specimen after testing. The brackets shown 
are those used with the 3-in. level bars. general, the test results confirmed 
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the predicted properties the two built-up sections determined the cal- 


culations. However, some respects certain results are not completely ex- 
plained the theoretical analysis. 


TABLE FOR ENTIRE SECTION 


Description 
Pitch 4.00 in. Pitch 4.25 in. Pitch 4.00 in. Pitch 4.50 in. 


1.76 1.76 3.84 3.84 


Kent Int. Area? 1.95 5.10 4.75 
Total 3.71 3.57 8.94 8.59 


*From Table From Table 


The first column tested was built entirely plates and angles. The 
torsional rigidity constant was determined analytically for each the 
rivet pitches this column. The values were 3.57 and 3.71 
for the 4.25-in. and the 4-in. rivet pitches, respectively. Curves Figs. 
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and 29, relating plotted angle twist moment for this beam, show that the 
calculated constants were very close the actual conditions the point 
initial yield. The legend for Fig. the same that for However, 
the plastic range, where the K-value would expected decrease, the 
curves show increase stiffness the member. This increase stiffness 
continued until the web the beam began buckle. The high stiffness during 
the plastic range for this flexible column may have been caused partly the 
moment produced the increase longitudinal forces the twisting moment 
increased. can seen from Figs. and that the effect the two rivet 
pitches not great and that the constant nearly the same for all portions 
the beam. 

The second beam tested was composed wide-flange beam and channels 
acting cover plates. The constants calculated for this beam were 8.59 


les pulling 
y at the ends 


Torsions!| Moment m Thousends of inch-pounds 


0.004 0.005 0006 0.007 0.009 


Unit Twist in Redions per inch 


0.010 


and 8.94 in.‘ for the 4.50-in. and 4-in. rivet pitches, respectively. From the 
curves Fig. can seen that these values were very close actual condi- 
tions the initial yield, after which the actual stiffness decreased slowly for 
the remainder the test. the plastic range this beam behaved more ex- 
pected than did the previous beam. However, this beam was thicker ma- 
terial and was not flexible. 

Fig. shows how the actual K-values varied with respect moment 
throughout the test for each the beams. The plotted points Fig. are 
average stiffnesses for the sections. For Specimen there was gradual 
decrease the moment increased. The results for the other specimen 
indicated increase until the web began buckle, after which this 
K-value decreased also. 
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LEGEND 
Curves Level Bars 
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4-5 
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The shear stress distribution across cross section each the beams 
plotted Fig. both sections was found that the values the actual 
shear stresses were quite close those the theoretical shear stresses found 


from the equation which the thickness the material acting 


integrally the point question. The shear stress distributions were plotted 
torsional moment kip-in. for the column made plates and angles, 
and torque kip-in. for the section made beam and two channels. 
These moment-values were near that initial both cases. The shear- 
ing stresses Fig. are quite high parts that were assumed act integrally, 
and the stress for given K-value varies almost directly with the thickness 


= 


Experimental Stiffness, Inches* 


Fig. 31.—VartatTion oF ExperRIMENTAL StiFFNess Torque 


the material. the wide-flange section, the highest shear stress concentration 
appeared near the inside edges the flange holes. However, the sec- 
tion built plates and angles, the shearing stress this point appeared 
even lower than that the center the beam flange. This indicates that 
the rivets were not tight enought cause integral action the plates between 
the center rows flange rivets. gage placed between the rivets the 
outside row the flange indicated stress somewhat higher than the stress 
produced separate action. Therefore, seems probable that these rivets 
caused enough friction between the plates result somewhat better than 
separate action the outside portions these plates. More gages would 
needed checks make the shear stresses these points more reliable. 
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general, the experimental shear stresses both beams agreed fairly closely 
with the calculated shear stresses based the usual assumptions. 

Fig. 33, the longitudinal stress distribution was plotted for moments 
250 kip-in. and 500 kip-in for Specimen and Specimen respectively. 
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both tests, insufficient longitudinal gages were applied give representative 
longitudinal stress distributions, and the effect was that having only local 
longitudinal stresses determined accurately. 
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calculations were made for the amount slip that could expected 
occur between various components either the beams during the torsion 
test. However, most the curves plotted Fig. for slip adjacent mem- 
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bers with respect moment were reasonable, and most cases the amount 
slip increased more rapidly larger moments were applied. 

Fig. 29, shown previously, general view Column Specimen after 
testing. The strain lines caused buckling may seen along the web the 
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member. These occurred intervals approximately the width the web 
plate. 

The strain lines due buckling Column Specimen may seen Fig. 
35. line pattern near re-entrant corner the wide-flange beam 


Line Patrern CHANNEL 


this column pictured Fig. 36. The fillet runs horizontally across the 
middle the view. Fig. shows the strain line pattern the channel that 
forms the cover plate Specimen 

various assumptions proposed the authors make 
possible the determination the properties built-up riveted girders apply 
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satisfactorily columns somewhat different cross section than the girders 
used the authors’ tests. Considering the very large difference between the 
properties such sections when acting entirely integrally and when acting 
separately, believed that the authors’ assumptions give remarkably good 
results. This paper undoubtedly makes important contribution the 
field structural engineering making available rational design procedure 
for built-up sections torsion. 
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the authors this paper. This corroboration especially gratifying 
view the considerable differences between the make-up the sections 


tested Messrs. Jentoft, Mayo, and Johnston, compared with the 
more conventional plate girder cross sections tested the authors. 


Corrections for Transactions.—Page Eq. insert equal sign after 
Page line end the paragraph with Eq. negligible.” 
Page line 20, change 
Page 11, line 16, “the quantity should read quantity 61.” 
Eq. 17a, raise the level Kr. 
Page 15, 27, move the right half front 


Page 20, line 24, multiply the 3rd general term 

Page 21, line 22, change below the horizontal line and change 
after the equal sign 

Page 21, line change dimension from 

Page 21, line 25, change 

Page 21, lines and 34, change “S.” 
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Page 22, Col. opposite line P-1-7, change Then correct 


order put P-1-6 and sequence interchanging completely 
these two lines. 


the caption Table 1(h), change 

Col. the last line Table change the leaders 

Page 26, line change below the horizontal line and change 
“9.21” after the equal sign 
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